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Kha nang san xuét exo-polysaccharide (B-glucan va pullulan) b&i ching A. pullulans
APX1.5.4.1 bj &nh hwdng b&i nhiét d6, thoi gian 1én men va pH méi trwd'ng. Muc dich cla
nghién ctru nay 1a xac dinh dwoc diéu kién Ién men dé san xuét B-glucan cao béng phuong
phap dap &ng bé méat (RSM). Két qua cho thay, diéu kién 1&én men v&i nhiét do 28°C, thoi
gian |&n men 3 ngay va pH 6 cho lwong B-glucan cao nhét dat 11,215+0,083 g/L, cao hon
6,02 lan so v&i lwgng B-glucan (1,862 g/L) tr chiing A. pullulans KSY-0516 va 1,22 1an so
v&i lwong B-glucan (9,2 g/L) tir chiing A. pullulans M-2. O diéu kién l1én men nay ciing cho
ham lwong pullulan thu dwoc ciing kha cao dat 20,48+0,15 g/L. S dung phwong phap bé
mat dap ng da gitp xac dinh dwoc diéu kién I&n men phu hop dé san xuét B-glucan va
pullulan v&i gia tri R2 1an lwot 14 0,9955 va 0,9960.

B-glucan, pullulan, A. pullulans APX1.5.4.1.

The production of exo-polysaccharide (B-glucan and pullulan) by A. pullulans strain
APX1.5.4.1 was affected by temperature, fermentation time and pH of fermentation medium.
The aim of this study was to determine the fermentation conditions for high B-glucan
production performed by response surface method (RSM). The results showed that the
suitable fermentation conditions for high B-glucan production (11,215+0.083 g/L) were
determined as fermentation temperature at 28°C, fermentation time 3 days and pH 6. In this
fermentation condition, the obtained pullulan content is quite high (20.48+0.15 g/L). The
content of B-glucan produced from strain A. pullulans APX1.5.4.1 in this study was 6.02
times higher than the amount of 3-glucan (1,862 g/L) from strain A. pullulans KSY-0516 and
1.22 times higher than that of strain A. pullulans KSY-0516. with B-glucan (9.2 g/L) from A.
pullulans M-2 strain. The use of response surface method helped determine the suitable
fermentation conditions for B-glucan and pullulan production with R2 values of 0.9955 and
0.9960, respectively.

B-Glucan, pullulan, Aureobasidium pullulans APX1.5.4.1.

1. GIOI THIEU men ching A. pullulans gom pB-1,3-glucan
Aureobasidium pullulans 1a mot loai ndm  (B-glucan), poly(B-L-malic acid), dau ning,
gidng nhu ndm men, thuong duoc biét dén véi  siderophore, cling nhu  mot s6 enzyme
kha ndng san xuit pullulan hoa tan tét trong  cOng nghié¢p trong cic diéu kién cu thé
nuéc [1]. Cac chédt thu dugc tu dich lén  khac nhau [2]. Pullulan va B-glucan déu la
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exopolysacarit duoc tim thdy cd trong dich
ngoai bao cua A. pullulans [3].

Pullulan khéng doc hai, khong gy dot bién,
khong giy ung thu, khong giy mién dich va
hién nay duoc st dung rong rai trong nhiéu
linh vuc phu gia thuc pham, my pham va
dugc pham [4]. B-glucan di dugc ching minh
1a c6 mét sé hoat tinh sinh hoc nhu chdng ung
thu, diéu tri dai thao duong, chng viém va
diéu hoa mién dich [5] va cac tng dung trong
thuc pham, duoc pham, my pham va cac san
pham c6 gia tri gia ting tiém ning khac 1a rat
c6 trién vong [6].

Céc yéu té anh huong dén san xuat pullulan,
B-glucan tir loai nAm men nay [7] nhu ngudn
cacbon [8] va nguén nito [9],... trong moi
truong nudi cdy, nong do oxy hoa tan [10].
Ngoai ra, cac yéu té quan trong anh hudng
dén san xuét pullulan, p-glucan nhu nhiét do
[11], thoi gian 18n men [12] va pH ban dau
[13] cling can dugc xac dinh.

Phuong phip bé mit dap ung (RSM:
Response surface methodology), dugc s
dung dé nghién ctu cac diéu kién téi wu cho
mot hé thong da bién, 1a mot ki thuat tdi uu
héa hi¢u qua. Phuong phap nay da dugc ap
dung thanh cong trong viéc toi wu hoa cac
thanh phan moéi truong [14], cac diéu kién cua
qua trinh 1én men [15]. RSM c6 thé cho thay
su twong tac giira cac bién, cung cap thong tin
can thiét cho thiét ké va téi uu hoa quy trinh.

Muc dich cta nghién ctu nay la st dung
phuong phap RSM dé tbi uu cac diéu kién Ién
men nham nang cao kha nang sinh tong hop
pullulan, B-glucan tr chung A. pullulans
APX1.5.4.1.

2. VAT LIEU VA PHUONG PHAP

2.1. Chuang vi sinh vat

Aureobasidium pullulans APX1.5.4.1 duoc st

dung trong nghién ciru nay duoc cung cap tir
Phong Cac chéat chic niang sinh hoc, Vién
Cong nghé¢ sinh hoc, Vién Han Iam Khoa hoc
va Cong nghé Viét Nam. Ching nay duoc duy
tri & 4°C trén moi truong thach khoai tay
dextrose (PDA) va duoc ciy truyén 2 tuan
mot lan. Pé bao quan lau dai, ching A.
pullulans APX1.5.4.1 dugc bao quan trong
glyxerol 30% ¢ -80°C.

2.2. Chuan bj méi trwéng

Moi trudong hoat hoa chang nim APX1.5.4.1
PDA (g/L): dich chiét khoai tdy 200 g,
glucose 20, nuéc 1000 mL pH 6,0+0,2.

Moi truong Ién men chaa (g/L): glucose 25,
sucrose 25, K;HPO,4 1, MgS0O,4.7H20 2, nudce
1000 mL, pH 6,0£0.2. T4t ca moi trudng duoc
hap khir tring trong 15 phit & 121°C trude khi
su dung.

2.3. Lén men

Chang Aureobasidium pullulans APX1.5.4.1
duogc lay tir dng gidng sau d6 duoc hoat hoé
trén dia thach PDA 28°C, 4 ngay. Cac miéng
thach kich thudéc 1x1 cm chira chung A.
pullulans APX1.5.4.1 duoc cay vao binh tam
giac 250 ml chda 50 ml moi truong [én men
da chuan bi, nudi lic 150 vong/phit trong 3
ngay, 28°C.

2.4. Tach chiét va thu nhan polysacharide
ngoai bao

Dich nuéi ciy ching A. pullulans APX1.5.4.1
dugc ly tam ¢ 5800 vong trong 20 phit dé loai
bo té bao va thu dich ndi. Phan dich néi sau
d6 duoc bd sung ethanol lanh ti I¢ 1: 2(v/v),
vortex déu, giit -20°C qua dém dé két tua
polysacharide ngoai bao (EPS). Ethanol sau
d6 dugc loai bo bang céach li tam 5800 vong
trong 20 pht, két taa thu duoc sau d6 duoc
sdy & 60°C dén khdi lwong khong ddi va xéac
dinh khéi luong kho [16]. Khdi luong khd

22

TAP CHi KHOA HOC & CONG NGHE . SO 39 - 2023



KHOA HOC & CONG NGHE

duoc tinh theo cdng thuec:

m(g) =mi—m;

Trong do:

m;: Khéi lugng EPS uét trude khi say (g);
m,: Khéi luong EPS sau khi sy (g).

2.5. Xac dinh ham lwong B-glucan

Dé x4c dinh ham lwong B-glucan c6 trong tua
EPS(exo-polysaccharide), bo kit xac dinh
B-Glucan (Megazyme International, Ireland)
duoc st dung [17]. Pau tién, dé xac dinh
glucan tong s can 90 mg EPS vao 4ng thuy
tinh sau d6 bo sung 2 ml H,SO4 12M Iam lanh
dén —20°C trong 2h dé hoa tan hén hop gom
1,3:1,6-B-glucan, 1,3-B-glucan va a-glucan
c6 trong EPS. HAn hop sau dé duoc b sung
10 mL H,0 1 100°C trong 2 h dé thuy phan
mot phan thanh D-glucose. Dung dich sau d6
duoc trung hoa bang NaOH 8 M va bé sung
natri-acetate 200 mM pH4,5 dén 100 mL.
100 pL dich thuy phan dugc li tam 13000
vong/phut trong 5 phat dé loai bo phan
can, sau d6 bd sung 100 pL hén hop
exo-1,3-B-glucanase (100 U/mL), B-glucosidase
(20 U/mL) & 40°C trong 1h dé thuy phan hoan
toan thanh D-glucose. Glucan tong sé duoc
xé4c dinh bang cach 1 100 pL dich sau li tam
vé6i 3ml thude thir GOPOD 40°C trong 20 phuit,
dé nguoi ¢ nhiét do phong va do do hap phu
tai budc song 510 nm. Tiép theo, dé xac dinh
a-glucan, 100 mg EPS duoc bo sung 2 mL
NaOH 1,7 M d hoa tan o-glucan sau dé duoc
bé sung hdn hop 0,2 ml amyloglucosidase
(1.630 U/ ml) cong vai invertase (500 U/ml),
u ¢ 40°C trong 30 phat. Dung dich sau do
duoc li tim 13000 vong/phut trong 5 phat dé
loai bé phan cin. Ham luong a-glucan dugc
xé4c dinh bang cach u 100 pL dich sau li tam

véi 3 ml thudc thr GOPOD & 40°C trong 20
phut sau d6 do do hap phu tai budc séng 510
nm. Dung dich D-glucose lam dung dich
chuan, mau blank 1am ddi chiing 1a méu trang.
Ham luong glucan tong sd, a-glucan dugc xac
dinh theo cac budc duoc hing san xuat hudng
dan [17].

Glucan tong s6 (%w/w)= AA x F/W x 90
A-glucan (%w/w)=AA x F/W x 90
Trong do:

AA: ODs30ym Mau — ODsy0 nm blank:

F: hé sb chuyén d6i do hap phu sang khdi
luong D-glucose (mg); F= 100/0ODs3o glucose
chuan;

W: khéi lwong mau (mg);
90: hé s6 chuyén doi.

Ham Iugng B-glucan duoc xac dinh theo cong
thac: S-glucan (g/L) = (Glucan téng sb) —
(a-glucan).

2.6. Nghién clru diéu kién 1én men trong
san xuat B-glucan

Pé xac dinh diéu kién 1én men tdi wu trong
san xuat B-glucan, cac diéu kién 1én men duoc
nghién ctu riéng ré bao gom nhiét do, thoi
gian 1én men, pH ban dau nham xac dinh anh
huong cia cac don yéu to nay dén viéc sinh
tong hop B-glucan, pullulan. Cac thdng s
khao sét cu thé dugc trinh bay tai bang 1.

2.7. T6i wu diéu kién 1&n men str dung thiét
ké Box-Behnken (BBD) trong san xuat
B-glucan

Dua trén két qua cua cac thr nghiém don yéu
t5, danh gia su tuong tac cua cac nhan td da
duoc thuc hién bang cach sir dung phuong
phap RSM (Design-Expert 13). Bang 1 thé
hién cac nhan té nhiét do, thoi gian 18n men
va pH ban dau cho RSM.
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Bang 1. Mdrc d6 thir nghiém khac nhau
ctia cac nhan té trong Box-Behnken

. Muc do thir nghiém
Ki T \han t6 cua cac yéu to
hiéu
-1 0 1
Nhiét do 26 28 30
B | Thoi gian 2 3 4
C |pH 55 6,0 6,5

2.8. Xtrly sé liéu

Céc thi nghiém duoc lap lai 3 lan va cac sb
licu dwoc xir ly bang ham ANOVA. Mbi
tuong quan gitra cac bién doc lap duoc thuc
hién bang phuong phap dap ung bé mit 3-D
v6i phan mém Design-Expert 13 (Stat-Ease
Inc., Minneapolis, Hoa Ky).

3. KET QUA VA THAO LUAN

3.1. Nghién clru diéu kién Ién men don
bién anh hwéng dén san xuét pullulan va
B-glucan cua chung APX1.5.4.1

Luong pullulan, B-glucan tao ra lién quan tryc
tiép dén giai doan ting trudng ciia naAm men.
Do vay, thoi gian 1én men chung A. pullulans
APX1.5.4.1 dugc khao sat. Thoi gian I1én men
tir 1 dén 3 ngay thi ham lugng B-glucan ting,
sau 4 ngay thi khong d6i. Diéu nay co thé
giai thich do khi thoi gian 1én men tang sau
4 ngay, té bao chuyén sang dang bao ti
chlamydospores, sic té melanin tang, do nhét
moi truong 1én men ting dan dén viéc sinh
tong hop B-glucan giam. Sau 3 ngay lén
men, ham luong B-glucan cao nhat dat
8,639+0,13 g/L, ham Iluong pullulan dat
16,940+0,5 g/L. Nghién ctu ciing cho thay
ham luong pullulan dat cao nhat sau 5 ngay
lén men (hinh 1). Két qua nghién ciru ciing
tuong dong véi cac nghién ciru trude do [18].

Nhiét do 18n men 1a mot trong nhitng yéu té
quan trong anh huéng dén qua trinh 1én men
san xuat B-glucan va pullulan bai chang A.

pullulans APX1.5.4.1. Ham lugng pullulan va
B-glucan thu dwoc lan luot 1a 15,3+0,2 va
8,214+0,11 g/L ¢ 28°C, & nhiét d6 Ién men
nay cho kha nang sinh pullulan va B-glucan la
cao nhit (hinh 2). Két qua nghién ctru ciing
phu hop véi nghién cau trude do [19].
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D6 pH ban dau cua méi truong 1én men anh
huong khac nhau dén sy sinh truong va phét
trién caa chung A. pullulans APX1.5.4.1 déng
thoi anh huéong dén qua trinh sinh tong hop
pullulan va B-glucan cua chung A. pullulans
APX1.5.4.1.

Hinh 3 cho thiy ham luong pullulan va
B-glucan ting khi pH moi trudong tang tu
5,0-6,0 va c6 xu hudng giam tir pH 6,5. O pH
6,0 cho ham lugng pullulan va B-glucan cao
nhat lan luot 14 19,3+0,23 va 10,569+0,15 g/L.

3.2. Nghién ctru twong tac cta cac diéu
kién l1én men dén san xuat B-glucan cua
chang A. pullulans APX1.5.4.1

Dua trén cac thdong sé don bién, ba nhan té
duoc chon cho nghién ciru téi wu hoa voi thiét
ké Box-Behnken Design (BBD) lién quan dén
B-glucan. Thi nghiém duogc tién hanh nhim
nghién cttu anh hudng tuong tic cua cac yéu
td nhiét do, thoi gian 1én men va pH dén kha
ning san xuat p-glucan. Bén canh do tac dong
dén sinh téng hop B-glucan, nghién ctu thu
cling dugc dugc lugng pulullan tang 1én dang
ké. Thiét ké thi nghiém va két qua thu duoc tir
thi nghiém dugc thé hién trong bang 2.

Bang 2. Thiét ké Box-Behnken va két qua thwc nghiém

Nhan té Thuc nghiém
Thi nghiém A (°C) B (ngay) C (pH) Pullulan (g/L) B —glucan (g/L)
1 28 3 6.0 19.300 10.738
2 26 2 6.0 21.000 11.162
3 28 3 6.0 20.480 11.215
4 28 4 5.5 26.200 10.527
5 30 3 6.5 18.220 7.703
6 30 2 6.0 21.960 7.951
7 30 3 55 18.740 4.001
8 30 4 6.0 11.080 5.828
9 28 2 6.5 20.160 10.338
10 26 3 55 23.360 6.547
11 28 3 6.0 19.500 10.941
12 26 4 6.0 13.460 6.311
13 26 3 6.5 22.500 10.116
14 28 2 5.5 21.880 10.973
15 28 4 6.5 17.220 8.709

Phan tich di liéu thi nghiém chi ra ring méi
quan hé giira bién phu thudc va cac bién doc
lap sé duoc cho boi phuong trinh da thac bac

hai sau:

*g-glucan (g/L) = 10,96 — 1,24A — 0,5188B —
0,6134C + 0,6823AB + 0,0333AC
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0,2955BC — 3,10A2 — 0,0534B2 — 0,7746C2? —
1,22A%B +2,43A2C + 0,3163AB?2

*Pullulan (g/L) = 19,76 — 2.23A + 0,3450B —
2,67C — 0,8350AB + 0,0850AC — 1,81BC —
177A2 — 1,11B? + 2,72C? — 4,95A%B +
2.33A2C+1,87AB?

3.3. Phan tich twong tac cac yéu t6 dén
san xuéat B-glucan va pullulan tr chang
A. pullulans APX1.5.4.1

Tuong tac gitra nhiét d6 (A) va thoi gian (B)
tai pH trung tdm (hinh 4A, 5A phu luc) cho
thy, tai cung nhiét do khi thoi gian 1én men
lau hon ham luong B-glucan va pullulan déu
¢6 xu hudng giam manh. Cu thé, thi nghiém
s6 2 va 12 bang 2 chi ra rang lugng pullulan
giam tir 21,00 g/L xuéng 13,46 g/L; luong
B-glucan giam tir 11,162 g/L xudng 6,311 g/L.
Két qua twong tu khi nhiét d6 tang & clng thoi
gian I1én men (2 ngay hoac 4 ngay).

Su twong tac gitra nhiét d6 (A) va pH (C)
(hinh 4B, 5B) cho thay, khi nhiét do ting (giit
nguyén pH ban dau) ham lugng P-glucan
giam tir 6,547 g/L xubng 4,001 g/L, ham
luong pullulan giam tir 23,36 g/L xudng 18,74
g/L (thi nghiém s 7, 10), khi pH ting (nhiét
d6 c6 dinh) ham luong B-glucan ting manh tir
6,547 g/L dén 10,116 g/L trong khi ham luong
pullulan giam tir 23,36 g/L xudng 22,5 g/L
(thi nghiém sé 10, 13 bang 2). Két qua tuong
ty ¢ thi nghiém s6 5 va 7. Nghién ctu cho
thay, khi nhiét d6 1én men ting, sic tb melanin
tang dan dén uc ché qua trinh sinh tong hop
EPS. Viéc sinh tong hop EPS thich hop trén
moi trudng c6 pH axit yéu.

Tuong tac gitra thoi gian (B) va pH (C) (hinh
4C, 5C) cho thiy, sau lén men 4 ngay, khi
tang pH thi luwgng pullulan giam manh tir 26,2
g/L xudng 17,22 g/L va luong B-glucan ciing
giam tir 10,527 g/L xubng 8,709 g/L; trong
khi sau 1én men 2 ngay, pH moi truong tang

dan dén lwong EPS giam khong dang ké (thi
nghiém sb 4: 9; 14 va 15). Nguoc lai, & clng
pH khi ting thoi gian 1én men cho thy luong
B-glucan ciing giam khong dang ké, trong khi
lwong pullulan giam rd rét (bang 2) thi
nghiém s6 4; 9; 14 va 15.

Két qua thuc nghiém cho thdy ham lugng
B-glucan cao nhat 1a 11,215+0,083 g/L ¢ thi
nghiém sé 3 véi cac gié tri trung tam (28°C,
pH 6,0; thoi gian 3 ngay); dong thoi ham
luong pullulan ciing dat kha cao (20,48+0,15
g/L) cao hon chung A. pullulans AP4 (18,55
g/L) [20] trong nghién ctru cua Bang Thi Ha
Thu va cs. (2022). Ham lugng B-glucan tao ra
tu chang A.pullualans APX1.5.4.1 cao hon
6,02 1an so véi lwong B-glucan (1,862 g/L) tir
chung A. pullulans KSY-0516 [21] va cao hon
1,22 lan so véi luong B-glucan (9,2 g/L) tur
chung A. pullulans M-2 [22].

Ngoai ra, phan tich phuong sai cia mo hinh la
cb khéac biét (P< 0,05) (bang 3, 4 phu luc); gia
tri CV 1a 2,7%, chi ra rang thi nghiém c6 do
chinh xac cao. Gié tri R? 1a 0,9985 cho thiy
rang 99,85% su thay ddi c6 thé duoc giai
thich bang mé hinh phan hdi, md hinh c6 do
tin cdy cao. T4t ca cac thong sb nay déu co su
thdng nhat va hop ly giita cac gia tri thi
nghiém va du doan, cho nén mé hinh cé thé
dugc st dung trong thuc té dé diéu huéng
nham nang cao san xuat B-glucan caa chung A.
pullulans APX1.5.4.1.

4. KET LUAN

T6i wu diéu kién 1én men sir dung phuong
phép thong ké (RSM) c6 kha ning khic phuc
nhiing han ché cua phuong phap thuc nghiém
trude day, 1a mot céng cu tét dé tdi wu qua
trinh san xuét B-glucan tir chung A. pullulans
APX1.5.4.1. Phuong phap bé mit dap ung da
dugc dé xuat dé nghién ctu anh huong dong
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thoi cua cac thanh phan méi trudng nudi ciy
va diéu kién 1én men. Trong nghién ctu nay,
dd xac dinh duoc diéu kién 18n men phi hop
nhu: nhiét d6 28°C; thoi gian Ién men 3 ngay
va pH ban dau 6.0 cho ham luong B-glucan
dat cao nhat (11,215+0,083 g/L) va pullulan

PHU LUC

dat twong dbi cao (20,48+0,15 g/L).
L&i cam on
Cong trinh nghién ctru dugc su ho tro kinh phi

tr dé tai Ma sb 01C-06/01-2021-3 cua S&
Khoa hoc va Céng nghé, Thanh phé Ha Noi.

Bang 3. Phan tich phwong sai ctia md hinh bac hai bé mét dap tng trong san xuét pullulan
tr chang A. pullulans APX1.5.4.1

Ngudn Téng binh phwong Df Binh phuwong trung binh | Gidtri F GiatriP
M6 hinh 197,75 12 16,48 41,32 0,0239
A-Nhiét do 19,80 1 19,80 49,66 0,0196
B-Thai gian 0,4761 1 0,4761 1,19 0,3886
C-pH 28,62 1 28,62 71,77 0,0136
AB 2,79 1 2,79 6,99 0,1182
AC 0,0289 1 0,0289 0,0725 0,8130
BC 13,18 1 13,18 33,04 0,0290
A? 11,60 1 11,60 29,09 0,0327
B2 4,57 1 4,57 11,46 0,0773
C? 27,27 1 27,27 68,37 0,0143
AZB 49,01 1 49,01 122,88 0,0080
A2C 10,86 1 10,86 27,23 0,0348
AB2 6,99 1 6,99 17,54 0,0526
Sai sb 0,7976 2 0,3988
Téng twong quan 198,55 14
R? = 0,9960; R? diéu chinh = 0,9719; CV= 3,21%.

25 B:Thai gian (Ngay)

A: Nhiét d6 (B6)

30 55 B: Thai gian (Ngay)

Hinh 4. Biéu dd bé mat dap (ng twong (rng vé anh hwéng cia ba bién déc 1ap dén viéc 1&n men san xuét
pullulan. Khi tac déng cua hai bién dwoc vé biéu dd, bién con lai dwore dat & mire 0. (A) Twong tac
gitra nhiét do va th&i gian; (B) Twong tac giika nhiét dé va pH; (C) Twong tac gitra thei gian va pH
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Bang 4. Phan tich phwong sai ciia m6 hinh bac hai bé mét dap ng dé san xuét B-glucan
ttr ching A. pullulans APX1.5.4.1

Nguon Tong binh phwong | Df | Binh phwong trung binh | GiatriF | Giatri P
M6 hinh 76,43 12 6,37 111,24 0,0089
A-Nhiét do 6,15 1 6,15 107,39 0,0092
B-Thoi gian 1,08 1 1,08 18,81 0,0493
C-pH 1,51 1 1,51 26,29 0,0360
AB 1,86 1 1,86 32,52 0,0294
AC 0,0044 1 0,0044 0,0775 0,8069
BC 0,3494 1 0,3494 6,10 0,1322
A2 35,45 1 35,45 619,09 0,0016
B2 0,0105 1 0,0105 0,1841 0,7097
c? 2,22 1 2,22 38,69 0,0249
A2B 3,00 1 3,00 52,39 0,0186
A2C 11,82 1 11,82 206,43 0,0048
AB2 0,2001 1 0,2001 3,50 0,2025
Sai s6 0,1145 2 0,0573
Téng twong quan 76,54 14
R? = 0,9985; R? diéu chinh = 0,9895; CV= 3,21%.

beta glucan (g/L)

beta glucan (g/L)

Hinh 5. Biéu dd bé mat dap (ng twong (rng vé anh hwéng cia ba bién déc 1ap dén viéc 1&n men san xuét
B-glucan. Khi tac déng cua hai bién dwoc vé biéu dd, bién con lai dwore dat & mire 0. (A) Twong tac
gitra nhiét dé va th&i gian; (B) Twong tac giiva nhiét dé va pH; (C) Twong tac gitra thei gian va pH
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